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During t h e  p a s t  year s i g n i f i c a n t  progress  has been 
made i n  t h e  development and. systematic  appl.ica,tion of 
improved i n s  t rumeiit a t  i on and p repa ra t ion  t e c hi+- que s f o r  
h igh  r e s o l u t i o n  e l e c t r o n  microscopy of membyanes and re -  
l a t e d  biologLca.:L systems. T h i s  included s t u d i e s  by com- 
bined high r e s o l u t i o n  e l e c t r o n  microscopy and e l e c t r o n  
d i f f r a c t i o n  techniques ~f s p e c i w n s  of meteor stream 
p a r t i c l e s  and o the r  e x t r a - t  e r r e s t r i a l  compoaent s c o l l e c t e d  
by t h e  Luster  Sounding Rocke t  Expeyiments from t h e  ou te r  
f r i n g e  of t h e  ear th$ atmosphere during t h e  Orionid Meteor 
Shower, October 22 ,  1966 ( l ' k i t e  Sands Misstle Range). 

,-.* 

The fol lowing accomplishments can be s ing led  out as 
h i g h l i g h t s  of our research p r o j e c t :  (a)  Fur the r  research  
and development work has  been c a r r i e d  out on irq-,rove;?. 
methodology f o r  ' c o l l e c t i n g  and ' ident j . fy ing  e x t r a - t e r r e s -  
t r i a l  p a r t i c l e s .  In  t h i s  connect ion,  promtsing exp lo ra to ry  
experiments a r e  c u r r e n t l y  i n  progress  f o r  in-,Tlight shadow 
c a s t i n g  us ing  an exploding wire  technLque. These exper i -  
ments ind-icate  t h a t  i t  i s  i n  princIy:.e p o s s i b l e  t o  coat 
incomi.ng p a r t i c l e s  wi th  a metal shadowhg l a y e r  a t  t h e  
i n s t a n t  of exposing t h e  c o l l e c t i n g  su r faces  of t h e  snm.plin.g 
instrument .  We could hereby a c t u a l l y  ob ta in  a r e l i a b l e  
submicroscopic snapshot o f  t h e  p a r t i c l e ,  inc luding  a t h r e e -  
dime!.isional molecular r e p l i c a  f o r  subsequent e l e c t r o n  micro- 
scopic  examination. This procedure would be o f  p a r t i c u l a r  
importamce i n  labellri-ng the  ~ i a r L i c l e  c l e a r l y  as extrn.-  
t e r r e s t r i a l  and thus  d i s t ingu i sh ing  it from an.y o the r  con- 
taminat ing m a t e r i a l .  It i s  be l ieved  t h a t  t h e s e  and r e l a t e d  
approaches w i l l  become e s s e n t i a l  f o r  a l l -  f u t u r e  experiments 
of t h i s  type i n  view o f  the extra-ord:i.?iar.~.:i;T complex and 
manifold sou-rces of contamination which make t h e  i n t e r -  
p r e t a t i o n  of present  r e s u l t s  so  unce r t a in .  

( b )  IJith improved point  cathode sources  and e l e c t r o n  
gun design and s p e c i a l l y  s t a b i l i z e d  power suppl-ies opera t -  
i ng  u.nd.er t h e  optimum coric!itions provided i n  our new e l e c t r o n  
microscope f a c i l i t y ,  we have been a t l e  t o  reproducibly 
achieve p o i n t  r e s o l u t i o n s  of 2 t o  3 A .  This r e p r e s e n t s  t h e  
b e s t  c o n s i s t e n t l y  atta-ined. performance i n  approaching t h e  
t h e o r e t i c a l  r e s o l u t i o n  limit of  t ransmiss ion  e l e c t r o n  micro- 
scopes.  

( e )  Thanks t o  t h e s e  r!iethodological adva,vices, i t  has 
now been p o s s i b l e  for t h e  f i r s t  t-j_me t o  v i s u a l i z e  d i r e c t l y  
t h e  hexagonal. c e l l s  of s i n g l e - c r y s t a l  g r a p h i t e  c o n t a m i n g  
only 10  carbon atoms. T h i s  x3rk vias c a r r i e d  out i n  0i.w 
l a b o r a t o r i e s  cor:fj.r:ni.ng a n 3  e x t  ending pa:ral . lel  studies 'by 
K. Heidenreich of t h e  Be l l  Telephone Ilcbora tor-i.es. Cerizon- 
s t r a t  5- on of t h i  s c a p  a b  i l i t  y of p o-i.nt - t o - p o Tn-t r e s 0 1G-L i oj1 

. .  
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i n  t h e  range of in te ra tomic  d i s t a n c e s  w a s  gene ra l ly  
regarded as a s i g n i f i c a n t  c o n t r i b u t i o n  s ing led  out among 
the ad:va,nces mad.e i n  physics and chemistry during t h e  
p a s t  year .  P 

( d )  Extension of t h i s  work and t h e  en-haxed c a p a b i l i t y  
of i n t e r p r e t i n g  t h e  phase c o n t r a s t  images now make it appear 
f e a s i b l e  to record d e t a i l  of molecular and pauciatomic 
dimensions i n  b i o l o g i c a l  systems. As shown i n  the  a t t ached  
micrographs we have r e c e n t l y  succeeded i n  obta in ing  high 
reso lu t5  on e l e c t r o n  phase c o n t r a s t  images of s i n g l e  mole- 
c u l e s  of copper phthalocyanine,  which can be c o r r e l a t e d  
w i t h  corresponding diagrams of atomic p o s i t i o n s  as deduced 
from x-ray d i f f r a c t i o n  s t u d i e s .  

(e )  Improved p repa ra t ion  techniques and i n s t r b e n t a -  
t i o n  have been sys t ema t i ca l ly  app l i ed  t o t h e  s tudy of bio-  
l o g i c a l  systems under a wide v a r i e t y  ofoexper imenta l  con- 
d i t i o n s .  Useful r e s o l u t i o n s  of 6 t o  1 5 ~  were c o n s i s t e n t l y  
a t t a i n e d ,  corresponding i n  many cases  t o  d i r e c t  v i s u a l i -  
zati.on of quaternary or t e r t i a r y  s t r u c t u r e s  i n  b i o l o g i c a l  
membranes and d e r i v a t i v e s ,  multienzyme complexes, hemo- 
cyanin and apohemocyanin, c a t a l a s e  and RNA polymerase, 
and DNA and RNA systems. 

( f )  The use of new types of phase c o n t r a s t  a p e r t u r e s  
has made it poss ib l e  t o  obta in  high r e s o l u t i o n  and enhanced 
c o n t r a s t  i n  s t a i n e d  and unstained b i o l o g i c a l  specimens 
uni-er cor idi t lons which eonsLderably reduce radiat i -on damage. 
Therefore,  f u r t h e r  improvemmts i n  ,low temperature pre-  
p a r a t i o n  techniques of n a t i v e  b i o l o g i c a l  specimens appear 
t o  be p a r t i c u l a r l y  promising. 

,- These r e s u l t s ' b r i n g  us  c l o s e r  t o  t h e  ultimate g o a l  
of high r e s o l u t i o n  e l e c t r o n  microscopy, namely, d i r e c t  
readout  of molecular s t r u c t u r e .  This r ep resen t s  one of 
t he  g r e a t e s t  p o t e n t i a l s  o f  e l e c t r o n  microscopy's key r o l e  
i n  t h e  s tudy  of biomolecular o rgan iza t ion  which i s  a 
c e n t r a l  un i fy ing  d i s c i p l i n e  of t h e  n a t u r a l  sc iences  and 
of biomedical research  i n  gene ra l .  

another  s i g n i f i c a n t  approach to the  high r e s o l u t i o n  e l e c -  
t r o n  microscopic examinatiovl of  b i o l o g i c a l  specimens i n  
t h e  f rozen  hydrated s t a t e  under i d e a l  low temperature 
cond i t ions  of minimized specimen contamination, r a d i a t i o n  
damage, and thermal noise .  

( g )  Our work w i t h  superconducting l enses  r e p r e s e n t s  

iii 
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We have recorded, for the first time,oelectron 
microsraphs of abiological specimens at 4.2 K. Resolu- 
tions of 10-20A were reprod-ucibly attained, particularly 
in specimens of catalase crystals embedded in thin layers 
of heavy metals. The p-ktu-res exhibit remarkable contrast 
and anomalous transparency phenomena whi'ch, becmse of 
its association with considerably reduced radiation damage 
at low temperatures, promises to greatly facilitate exam- 
ination of biological specimens at liquid helium tem- 
peratures. 

t 

This work resulted from the use of our cryo-electron 
microscope, equipped with superconducting objective lens 
in a specially designed dewar with supePconducting stig- 
mators, persistent current switches and improved super- 
conducting current contr-ol devices. The unique combina- 
tion of high magnetic fields, liquid helium temperatures 
and high electron optical magnifications has enabled us 
to make preliminary observations on characteristic electron 
optical phenomena associated with trapped fluxes in thin 
superconducting films. 

These results were presented in a keynote address 
before the Sixth International Congress for Electron 
Microscopy at Kyoto, Japan, August 28 to September 4., 1966. 

by Prof. Dupouy of the Laboratoire d'0ptique du C.N.R.S. 
at Toulouse, was that our pioneering work has clearly 
established the value of superconducting solenoid lenses 
for electron microscopy, especially because of their super- 
stability, the unprecedented high fields, and the possibi- 
lity of now being able to consider other types of magnetic 
field configuration for obtaining much higher performance 
in hLgh resolution electron microscopes. 

International evaluation, as expressed in particular 

. Prof. Dupouy claimed as a noteworthy achievement the 
fact that since the first successful imaging experiments 
were carried out barely 2 1/2 years ago, we have been able 
to implement a comprehensive research program, including 
the development and testing of many difficult components 
and. solving ot$.er related methodological and conceptual 
problems. 

Our work was also confirmed by Dr. Laberrigue, College 
de France in Par-s, who stated that a new chapter has been I 

opened up in electron optics with superconducting lenses 
which should prove to be of key significance for high 
voltage electron microscopy. - 

iv 
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Our a c t i v i t i e s  during t h e  p a s t  year  have been 
c a r r i e d  out according t o  the  program set  f o r t h  i n  our 
renewal proposa l  f o r  Grant XSG 441-63 ( ~ p i - i i  1, 1956 t o  
December 31, 1966) and include:  

I .  S p e c i f i c  Research Program. 

A.  We have continued p a r t i c i p a t i o n  i n  t h e  Lus ter  
Sounding Rocket &z,eriment .. 
1. 

2 .  

In t roduc t ion  

A Lus te r  micrometeorite sampling instrument 
w a s  1au.nched October 2 2 ,  1966, a t  White Sands 
Miss i l e  Range, New Mexico, and was success- 
f u l l y  recovered. The payload was launched 
on an Aerobee l5O sounding rocket  nea r  t h e  
peak of t h e  Orionid me teo r  shower. 

The Luster  payload has been descr ibed i n  
d e t a i l  by Blanchard and Farlow (Contamination 
Control ,  5, 22 ,  1965). The instrument  c a r r i e d  
12 vacuum-sealed- modules on t h r e e  deployable 
a r m s  t o  a maximum a l t i t u d e  o f  about 145 km. 
Above 60 km. she  arms extended, and pans 
conta in ing  l m  of sampling s u r f a c e s  were 
exposed upward f o r  about 200 secs .  The mating 
covers  remained Irjxed 60 t h e  c e n t r a l  s t r u c t u r e  
and exposed anot?ier l m  outward. The i n s t r u -  
ment resea led  i t s e l f  p r i o r  t o  atmospheric r e -  
e n t r y ,  and the modules became vacuum sea led  
aga in  as the ou t s ide  p r e s s u r e  r o s e .  Parachute 
descent  completed t h e  recovery.  Instruments  
on board and on t h e  ground revea led  t h a t  t h e  
vac-ovm was re ta ined  throughcut t h e  f l i g h t  and 
t h a t  proper  opeaing and c l o s i n g  occurred.  The 
f l i g h t  sanples  were shipped i n  vacuum con- 
t a i n e r s  t o  the Elec t ron  Microscope Laboratory 
of t h e  Univers i ty  of Chicago, where they  were 
opened i n  c lean  m o m  cond i t ions .  . 

Mate r i a l  and Methods 

Three n e a r l y  i d e n t i c a l  modules were prepared.  
One, designated Khitesands,  w a s  exposed to 
c l e a n  room enviroriment a t  White Sands Miss i l e  
Range f o r  1 hour on October 21 ,  1966, during 
loading  of Luster 2 payload. A second, t h e  

, 

Ames capsule ,  was exposed a t  Ames Research 
Center during t h e  packing of  t h e  on - f l i gh t  
specimen. It was put  i n t o  the  modules on 

-I- 



3-aminnr f low beriches and sealed i n  iden t i ca , l  
fash ion .  The t h i r d  was t h e  o n - f l i g h t  Lus te r  
capsu-le . 
All substrate:;  were prepm-ed 5-n t h e  c l ean  
room €a,cj.l.ities of  t h e  Elec t ron  Ikicroscope 
Laboratory at  t h e  Un ive r s i ty  of Chicago. 
These l a b o r a t o r i e s  have a s p e c i a l  a t r -  
condi t ion ing  system designed t o  n1aintaj.n r e -  
l a t i v e  humidity not  exceeding 507~'~ and a r e  
provided w i t h  Cambridge absol-ute f i l t e r s  
excluding p a r t i c l e s  S r e a t e r  t han  0 . 1  microns. 

The t h i n  f i lm  s u b s t r a t e s .  were made by eva- 
po ra t ion  o f  c x r b m  o r  carbon-Si0 i n  an ul t ra-  
high vacu-u-m (10-2 t o r r )  produced by a Varian 
vacv.wn u-nit ,  c o n s i s t i n g  o f  an ion  pump 8,liii 
Linde niolecular s o r p t i o n  forpump w i t h  l i q u i d  
n i t rogen  cold t r a p .  T h i s  e l imina ted  any con- 
tarnination with o i l  vapors.  The f i l m s  were 
s t r i p p e d  off from f r e s h l y  cleaved mica, onto 
quar tz  d i s t i l l e d ,  u l t r a . - f i l t e r e d  water .  

The plat inum specimen holders  were of  t h r e e  
types  : 

a,. s l i t  holder--1mm x O . l n u n  
b .  7 hole--5Op diameter 
e .  s i n g l e  hole--5Op d-iameter 

All of t h e  plati.nim gridz, and s t a i n l e s s  s t e e l  
s l i d e s  were sonicated on a Sonogen Au-tomatic 
Cleaner using Mi;-lipo:i.e f i l t e r  d i s t i l l e d  pe t ro -  
leum e t h e r ,  acetone, and e t h e l  a l coho l .  U l t r a -  
f i l t e r e d  q u a r t z - d i s t i l l e d  water was used a t  
a l l  t i m e s .  The p l a t i n u m  g r i d s ,  which are chem- 
i c a l l y  i n e r t ,  were cleaned i n  t h i s  way and then  

- heated -68 incandescence i n  an u l t r a h i g h  va,cuum 
(2 x 10- torr!. * 

Each con ta inm contained t h e  f olloilririg sub- 
s t ra , t  e s : 

(1) Fresh ly  cleaved- mica on s t a i n l e s s  s t e e l  
-__________-______. 

s l i d e s  -- 
The mica s t y i p  WC?S exposed onto pre-  
cleaned s-Lainless s t e e l  s l i d e s  u.sing 
hraCl.eco Epoxy Cement. 

The sl-ides i4ere then  heated or1 ho t  
p l a t e  to har-den cement. 

-2 - 



( 2 )  Luci te  sli.des 
I__- __ 

(a)  The 1u.cite was pre-cleaned with methanol. 
( b )  The slid-es were placed i n  the Varian 

and shadowed 8s fo l lows  : SiO--height 
gem, angle 30 , vacuuin 8 x 1-0;7; 
Carbon--height 14cm, angle  90 , vacuwn 
6 x 10-7 t o r r .  . 

(3) Platinum spec:imen holders  - --~-i.-__ 

(a)  0.3% forinvar Tenesti-ated- fi.1.m covered 
w i t h  t h i n  caybon film, evaporated at 
2.5 x 10-7 t o r r .  and. he ight  14-em. 

( G )  0.3% formvar f e n e s t r a t e d  f i l m  covered 
w i t h  S i 0  and carbon (vacuum 9 x 10-7 
t o r r .  Si0 height  gem; carbon h e i g h t  
14cm, both perpendicular )  . 

( e )  0.3% fornivar film covered with Sj.0 
and carbon. 

( d  j 0.37; foy.rnvr-l,l* I i i i i i  and t l i i ck  carbon . 
These were mad.e by coa t ing  mica wi-ki? 
carbon (vacuum 2 x 10-7 t o r r ,  he ight  
14cm.) then  dipping i n t o  f o r m v u ,  
f l o a t i n g  onto water and p l ac ing  on 
g r i d s .  

( e )  0.3% fornivar f L l m  and. carbon fi lm. 
( f )  0.3% foi-mas- film and medium carbon 

f i l m .  

The su-bstrates were photographed us ing  t h e  
Nikon Shadowgraph and Gravure f i l m  (ASA 1 2 )  
and then  d is t r ibu- ted  t o  t h e  capsuG.es as 
fo l lows  : 

. 
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Luster  

2 Luci te  s l i d e s  
L MTca s l ide  
1 s t a i n l e s s  s t e e l  s l i d e  w i t h  144 P t .  g r i d s  

fmes and Whitesands 
1 Luci te  s l i d e  
1 Mica s l ide '  
1 . S t a i n l e s s  s t e e l  s l i de  w i t h  30 P t .  g r i d s  

' The conta iners  were then  assembled and placed 

A medium carbon c o a t  w a s  g iven with the vacuum 
at 5 x 10-7 torr. i n  a l l  t h r e e  cases .  The 
con ta ine r s  were t en sea l ed  and put  under a 
vacuum of 1 x 10-8 t o r r .  

i n  the  V a r i a n  and given a f i n a l  carbon shadow. . .  

The e l e c t r o n  microscopy and s e l e c t e d  a r e a  
high r e s o l u t i o n  e l e c t r o n  d i f f r a c t i o n  were 
c a r r i e d  out using a Siemens Elmiscope I 
microscope. With t h i s  instrument  it was 
p o s s i b l e  to use low i n t e n s i t y  microbeam i l l u -  
mination and l i q u i d  n i t rogen  decontamination 
device t o  view p a r t i c l e s  t h a t  could otherwise 
have been v o l a t i l i z e d  by t h e  beam. The micro- 
scope w a s  c a r e f u l l y  c a l i b r a t e d  f r o m  225X - 
110,OOOX and cQmpensated t o  w i th in  one u l t r a -  
f i n e  s t e p  ( 3 0 0 ~ ) .  

3. Resul t s  

Examination of t h e  c o n t r o l s  f o r  t h e  Lus te r  
p r o j e c t  i s  s t i l l  i n  progress ,  but  pre l iminary  
r e s u l t s  show a gene ra l  s i m i l a r i t y  to t hose  
repor ted  previous ly .  A complete r e p o r t  w i l l  
be presented  a t  a l a t e r  d a t e  when more exten- 
s i v e  r e s u l t s  a r e  a v a i l a b l e .  

M r .  Lou Sherman, a graduate.  s tuden t  i n  t h e  
. Department of Biophysics and Miss D .  Meddoff 

co l l abora t ed  i n  t h e  p repa ra t ion  and examin- 
a t i o n  of t h e  con t ro l s .  Mr. Sherman pe r sona l ly  
c a r r i e d  t h e  specimens t o  Ames Reseatrch Center 
and re tu rned  with them. 

-4- 
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The examination bz light microscopy, electron 
microscopy, and electron diffraction consisted 
of three parts: (a , )  st.udy of grids left in E4 
Lab (b) Ames Control and (e) Whitesands Control. 
To date, some 60% of all the platinum grid 
controls have been examined in detail, using 
magnifications rangin@ from 225x - 80,000x. 
This has resulted in a catalogue of the type 
of terrestrial contaminants likely t o  be found 
on our substrates, and has enabled us t o  make 
some significant comparisons with the results 
from the Luster 1 experiments. It should also 
be of great help in enabling the Luster 2 . 

findings to expand and refine the preliminary 
investigations. 

4 

The control substrates were found t o  be rela- 
tively clear and unbroken. The vast majority 
of contaminating particles were mica particles, 
which were introduced during the stripping of 
the films from the cleaved mica. These are 
easily recongnizable by their characteristic 
structure and electron diffraction patterns. 
At times, a very thin piece of mica yielded 
a characteristic singl-e-crystal diffraction 
pattern. In three places, contaminating micro- 
organisms such as bacteria were found, but 
this is rare. A few dust and dirt particles 
were fourid, but these were ail in the 1 - 201-1 
range. 

Quantitatively, the results are statistically 
significant when compared wit9 certain fin in s 
from Luster 1. From over l m m  of area (10 EY w 5 ) ,  
the highest density of contamination found was'l 
particle/30 square micron. 

Typical values were one particle /600 square 
micron for some 05 the lab. controls, to one 
particle /10,00Ol~, for some of the slit grids 
on the Ames control. This should be contrasted 
to a density of some 50 particles /w2 in some 
areas of Luster 1. If we are to take this back- 
ground noise as representative, we narrow down 
quite radically the possible origin of many 
of the high density areas on Luster 1. Either 
they have an extra-terrestrial origin, or they 
are contamination that occur-red during the . 
flight, possibly from the rockzt itself. 

-5- 



The s i z e  dif€er.ences a r e  a l s o  of inipor’Lance 
he re .  Almost a : L l  p a r t i c l e s  found i n  t h e  
contr=l .s ,  wex’e L i i  Lhe mieraon range. . The 
average o f  122  p a r t i c l e s  measured from t h e  
Whitesands con t ro l s  was 1.6311. and of 80 
p a r t i c l e s  ’on t h e  Ames c o n t r o l ,  1.32~. 
(These were measured on t h e  J ikon  Shadow- 
g raph) .  
t h e  micron range p a r t i c l e s  found on Lus ter  1 
i n  s i z e  and genera l  morphology. However, they  
d id  not r e a c t  i n  the same way under t h e  e l e c -  
t r o n  beam bombardment, and s o  the  Lus ter  1- 
f ind ings  can n.ot be disregarded as y e t .  

Some of these  p a r t i c l e s  d id  resemble 

d- 

On t h e  o t h e r  hand, no p a r t i c l e s  l e s s  than  
5OOA were found, except i n  one case which 
w i l l  be considered l a t e r .  
no p a r t i c l e s  i n  t h e  20 - lOOA range viere seen, 
which should be con t r a s t ed  with t h e  numerous 
p a r t i c l e s  of this s i z e  found on Lus ter  1.. The 
f a c t  t h a t  p a r t i c l e s  of t h i s  s i z e  were n.ormall;y 
found i n  areas of high p a r t i c l e  d e n s i t y  can 
l ead  t o  a, hypothes3-s t h a t  t h e s e  a r e  fragments 
caused by $ a r t i c l e s  impacting on t h e  s u b s t r a t e .  
This i s  d e f i n i t e l y  worthy of f u r t h e r  corisid- 
e r a t i o n .  

T? be more s p e c i f i c ,  

I n  t h i s  r e s p e c t ,  t h e  c o n t r o l s  shor?red ns 
examples o f  f i s s u r e s  as were found on Ester 1. 
Since  t h i s  t-ype o f  t e a r  i n  t h e  f i lm i s  never  
seen under other  experimental  condi t ions  and 
are always associated. w i t h  p a r t i c l e s ,  t hey  may 
i n d i c a t e  impact o f  a p a r t i c l e  and consequent 
r-lipture of the  f i l m .  T h i s  would a l s o  v e r i f y  
some of t h e  f ind ings  of Hemonway and Soberman. 

_. I n  one a r e a ,  some lOOA p a r t i c l e s  were found. 
These were a s soc ia t ed  with some .;?cry t h i n  
p a r t i c l e s  of mica, and. y ie lded  a s i n g l e - c r y s t a l  
d i f f r a c t i o n  p a t t e r n .  These pa i . t i c l e s  and t h e  
b igger  aggregates wi th  which they  were a s s o c i -  
a t e d  dTd not  resernbl-e any th ins  found on Lus ter  
1, and t h e i r  s ign i f i cance  i s  unce r t a in .  Mor- 
pho log ica l ly ,  they  reseilib1 e somewhat fine dus t  
p a r t i c l e s ,  but more work would. n.eed t o  
be done to c h a r a c t e r i z e  t h e i r  na’iurc?. 

. 
-6- 
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Some p a r t i c l e s  w i t h  a dense core  and l i g h t  
coa t  were found which resemble c l o s e l y  
those found on Lus ter  1. However, none were 
found a s soc ia t ed  w i t h  r up tu res  of t h e  sub- 
s t ra te ,  nor  were they  s e n s i t i v e  to the  e l ec -  
t r o n  beam. Again, t h e  s i g n i f i c a n c e  of t h i s  
r e s u l t  i s  no t  understood. 

F i n a l l y ,  no p a r t i c l e s  resembling t h e  e l e c t r o n  
s e n s i t i v e  amorphous m a t e r i a l  was found i n  
any of t h e  c o n t r o l s .  If  t h i s  m a t e r i a l  i s  
organic m a t e r i a l ,  it seems u n l i k e l y  t h a r i t  

t h e  s t e 2 s  involved i-n prepar ing  the  sub- . 

strates.  I f  it i s  contaminated, it must 
be from the  -rocket system. I!? t h i s  l i n e ,  it 
would seem t h a t  model experiments, t e s t i n g  
gaseoxs vapors f r o m  t h e  rocket  propuls ion  
system, would be a g r e a t  he lp  i n  c l e a r i n g  
t h i s  problem. 

' was caused by contamination during any o f  . .  

a .  

4. Summary 

From t h i s  survey of t h e  contaminants found 
on t h e  con t ro l s  of the Lus ter  2 experiments, 
we can see t h a t  the  s u b s t r a t e s  a r e  c l e a n  and 
unbroken. It has been shown t h a t  p a r t i c l e  
d e n s i t y  and s i z e  may be very important i n  

p a r t i c l e s .  Some c o n t r o l  p a r t i c l e s ,  though 
resembling morphologically Luster 1 p a r t i c l e s ,  
r e a c t  d i f f e r e n t l y  under t h e  e l e c t r o n  beam, 
and, t h u s ,  should be composed of d i f f e r e n t  
material. T h i s ,  then ,  would seem to be t h e  
next  important s t e p .  E lec t ron  d i f f r a c t i o n  
s t u d i e s ,  e l e c t r o n  micro-probe s t u d i e s  and 
chemical ana lys i s  a r e  of t h e  utmost import- 
ance.  Chemical a n a l y s i s  and c r i t i c a l  high 
r e s o l u t i o n  e l e c t r o n  mic ro'sc opy and e l e c t r o n  
d i f f r a c t i o n  s t u d i e s  of t h e  p a r t i c l e s  would 
seem to be e s s e n t i a l  before  a s s ign ing  an  
e x t r a - t e r r e s t r i a l  o r i g i n  to a p a r t i c l e .  That  
i s  why t h e  h ighes t  l e v e l  of c r e d i b i l i t y  would 
seem to apply t o  t h e  20 - 100A amorphous 
(organic?)  m a t e r i a l .  I f  a chemical a n a l y s i s  
could show t h i s  t o  be d i f f e r e n t  than  anything 
found on con t ro l s  (and i n  t h e  r o c k e t ' s  f u e l )  
it would be a s i g n i f i c a n t  discovery.  The 

dcter,=irLatiorL of +L- - - - - 2 L l  ~ I I C  p u h b l u l e  o r i g i n  of t h e  

. 
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e x t r a c t i o n  and e l e c t r o n  d i f f r a c t i o n  exper i -  
ments cou-ld be c a r r i e d  out on Luster  2 t o  
t r y  t o  confirm t h e  pre l imtnary  r e s u l t s .  

Yet to be done a r e  the  mica and l u c i t e  s l i d e s .  
The main bene f i t  of t hese ,  of course,  would 
be p a r t i c l e  impact s t u d i e s ,  t o  see i f  we a r e  
deal ing w i t h  p a r t i c l e s  having a v e l o c i t y  
high enough t o  embed i t s e l f  i n  t h e  ma te r i a l .  
T h i s  would be another  s t e p  t o  show that  we 
a r e  dea l ing  w i t h  e x t r a - t e r r e s t r i a l  ma te r i a l .  

5. Outlook 

Promising explora tory  experiments a r e  cu r ren t -  
l y  i n  progress  f o r  i n - f l i g h t  shadow c a s t i n g  
usivlg an exploding wire  technique.  These 
experiments i nd ica t e  t h a t  i t  i s  i n  p r i n c i p l e  
poss ib l e  t o  coat  incoming p a r t i c l e s  w i t h  a 
metal  shadowing l a y e r  a t  the  i n s t a n t  of ex- 
posing t h e  c o l l e c t i n g  su r faces  of t h e  sampling 
instrument .  We could hereby a c t u a l l y  ob ta in  
a r e l i a b l e  su-bmicroscopic snapshot of t h e  
p a r t i c l e ,  including a three-dimensional mole- 
c u l a r  r e p l i c a  f o r  subsequent e l e c t r o n  micro- 
scopic  examination. T h i s  procedure would be 
of p a r t i c u l a r  importance i n  l a b e l l i n g  t h e  
p a r t i c l e  c l e a r l y  as e x t r a - t e r r e s t r i a l  and t h u s  
d i s t i ngu i sh ing  it from any other contaminating 
ma te r i a l .  It i s  be l ieved  t h a t  t hese  and r e -  
l a t e d  approaches w i l l  become e s s e n t i a l  f o r  a l l  
f u t u r e  experiments of t h i s  type i n  view of t he  
ex t r a -o rd ina r i ly  complex and manifold sources  
of contamination which make t h e  i n t e r p r e t a t i o n  
of present  r e s u l t s  sc unce r t a in .  

. 
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B. Continuation of Correlated Electron Microscopic 
and Electron Diffraction Studies _L. cf Certain Met- 
eorites and of ?he-Car!ibrian Organized Systems. 

1. Investigation of Orgueil Caybonaceous Chondrite. 

We have been arranging to continue electron micro- 
scopic and electron diffraction studies of certain 
meteorites (Orgueil carbonaceous chondrite) 
carried out with Dr. Edward Anders and Dr. Frank 
Fitch of the University of Chicago. Preliminary 
experiments indicate that the composition and 
structural relationships of its constituents 
can be determined by the high resolving power 
of the electron microscope. Various preparation 
techniques are being applied under carefully 
controlled conditions. These techniques include 
ultrathin sectioning with a diamond knife, mech-. 
anical and selective chemical dissociation, 
followed by density gradient separation, negative 
staining, shadow-casting, etc. The ultrastruct- 
ural data, will be correlated with parallel 
chemical studies of organic constituents and 
with the results of selected area electron diff- 
raction analysis. 

. 

2. Investigation of Pre-Cambrian Rocks of Gunflint 
Chert Formation of Southern Ontario, Canad-a. 
T T  we are also arranging to contirice electron micro- 
scopical studies of Pre-Cambrian organized systems. 
Preliminary investigatLons of nonferruginous 
cherts of the Gunflint formation of southern 
Ontario were carried out by electron microscopy 
in collaboration with Dr. Edward Anders and 
Dr. Fitch. Dr. S. A. Tyler of the University 
of Wisconsin and Dr. Barghoorn of Harvard Univ- 
ersity have reported (Science, Vol. 118, p. 606, 
1954) the occurence of primitiive lower plants 
in these Pre-Cambrian rocks, which are the oldest 
(about two billion years) structurally preserved 
organisms that clearly exhibit cellular differ- 
entiation. Electron microscopy reveals the 
presence of filaments, tubular structures and 
membranes of apparent organic origin. 

- 

These studies are of great interest in the evol- 
utionary scheme of primitive life, since they 
may furnish insight 
zation of the oldest k-nown preserved living 
s stems bea.ring also on the evolution of membrane 
Jtrastructure. 

into the molecular organi- 

-9- 
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C. High Resolution El-ectron Microscopy with Super- 
conducting Lenses at Liquid Helium Temperatures. 

Foiifiwirlg o u r  first successful c.iectiwn i ~ i c ~ ~ o -  
scopy experiments with high field superconducting 
lenses operating at liquid helium temperature, a 
comprehensive research program has continued with 
different types of cryo-electron microscopes 
concentrating on two approaches: 

1. Cryo-electron mlcroscope optical bench system 
using high field superconducting niobium- 
zirconium splenoid lenses in liquid helium 

’ Dewars, opei-ating at 4 t o  32 k G  without pole 
pieces, and with modified objective and objec- 
tive-pro jector pole pieces. An additional 
current vernier control circuit for the 
superconducting objective solenoid is used in 
conjunction with a 25 A regulated power supply 
to permit adjustable current changes of 13-9 
for achieving reproducible “superfine” focusing, 
orders of magnitude better than conventional 

. systems. This device, specially developed for 
our lenses by D. Kasun and associates of West- 
inghouse Cryogenics Div., consists of a low 
field two-winding superconducting toroid with 
i t s  secondary connected in series with the main 
solenoid. Energizing the toroid primary changes 
the total flux linkage and results in an incre- 
mental change of the field in the main solenoid. 

After optimum focusing adjustment is achieved, 
transfer of toroid primary t o  persistent mode 
places. the entire system in a lossless, com- 
pletely stable condition. Improved point cathode 
sources and highly stabilized 53 kV accelerating 
potential were used, taking special precautions 
t o  minimize mechanical, magnetic and electrical 
field perturbations. Once correct focus of test 
specimens at electron optical magnifications of 
233~-23,03Ox is attained, the superconducting 
solenoid system is switched into persisten current 
mode. 

The high au-ality images (5Oh- l3%i  resolution) thus 
maintained without any external lens current source 
are of an unprecedented degree of stability, 

. 

-10- 
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permitting exposures of up to several 
minutes with low intensity illumination 
for direct photographic recording on high 
resolution films. The same area can be 
continuously recorded at 5-15 minute 
intervals over a 13-hour period under care- 
fully controlled conditions without detectable 
image changes, demonstrating typical long-term 
super-stability. Combination of this unique 
stability of superconducting lenses with coher- 
ent microbeam illumination appears promising for 
practical realization of Gabor's wavefront re- 
construct ion microscopy. 

4 

2. Special superconducting objective lens in liquid 
helium cryostat which may be used as integral 
part of cryo-electron microscopes or replace the 
objective lens in modified high resolution com- 
mercial electron microscopes. The superconducting 
objective lens in a special Dewar, designed and 
built to our specifications by Westhghouse, com- 
prises a main Nb-Zr coil (27,220 ampere-turns) 
with vernier coil, superconducting stigmators , 
persistent current switches and improved current 
control devices. 

Specimens are mounted 8n microstages of special de- 
sign maintained at 4.2 K together with pole pieces 
of different types including short focal length, 
single field condenser objective pole pieces of 
iron or dysprosium, and trapped-flux Nb Sn lenses. 
Results of this most recent work are dezcribed in 
Proceedings of the National Academy of Science 
(1966), - 56: 801-838. 

It has now been possible to record, for the first 
time, glectron micrographs of biological specimens 
at 4.2"K. Resolutions of 13 - 23A were reproducibly 
attained, particularly in specimens of catalase 
crystals embedded in thin layers of heavy metals. 
These exhibited exceptional contrast and anomalous 
transparency phenomena. 

The unique combination of high magnetic fields, 
liquid helium temperatures and high electron optical 
magnifications has enabled us to make preliminary 
observations on cham ct eris t i c ele ct ron opt5 cal 
phenomena associated with trapped fluxes in thin 
superconducting films. (. 

-11- 
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A l l  of the resudts described above were 
presented in a keynote address before the 
Sixth International Congress f o r  Electron 
Microscopy at Kyoto, Japan, August 28 to 
Septemser 4, 1966. International evaluation, 
as expressed in particular by Professor Dupouy 
of the Laboratoire d'0ptique du C.N.R.S. at 
Toulouse, was that our pioneering work has clearly 
established the value of superconducting solenoid 
lenses for electron microscopy, especially because 

fields, and the possibility of now being able to 
consider other types of magnetic field configuration 
for obtaining much higher perfomance in high reso- 
lution electron microscopes. 

of their superstability, the unprecedented high .<" 

P r o f  Dupouy claimed as a notewb'rthy achievement 
the fact that since the first successful Smaging 
experiments were carried out, barely 2 1/2 years 
ago, we have been able to implement a comprehensive 
research program, incl.uding the development and 
testing of many difficult components and solving 
other related methodological and conceptual 
problems. 

Our work has been confirmed by Dr. Laberrigue, 
College de France in Paris, who stated that a 
new chapter has been opened up in electron optics 

be of key significance f o r  high voltage electron 
microscopy. 

wi 'L'n s 'UP e c 0 u c 'c; ring 1 s e s -wh i c I-, s -u 1 d -p 170 v e t 0 
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D. Development of‘ improved instrumentation and pre- 
paration -- techniques has continued. Several 
important new resvlts are described here for the 
... f -... -i rs t t j.me . 
1. Extending earlier work, improved point cathode 

sources have been developed and used routinely 
in high resolution microscopes. Pointed fila- 
ments are made of etched, oriented single-crystal 
tungsten tips (ea. 1301-1 long; tip radii; o.l-lOp.), 
spot-welded on ?one-refined tungsten wire. 

Because of high purity and selected crystal 
I orientation these filamengs have longer avera e 

and operational stability than standard or by 
energetic ions eo-monly originating from impurities 
in normal tungsten sources. Similar poj-nted fila- 
ments of high purity tantalum, rhenium and niobium 
have specific properties particularly useful for 
low-temperature microscopy. Best results were con- 
sistently obtained with new types o f  etched moly%- 
denu.m o r  stainless steel caps, the key element 
of which is a replaceable disc aperture of thin 
(l0-3Q-1,) molybdenum foil with a precisely centered 
small hole of O.5mm.  

life (49-80 hours at- 2653 K; A C  or DC heatlng 7 .  

The Mb foil is stable under electron bombardment 
which retards contamination and prolongs operational 
Lilt= of filament tips. Thin film configurations 
permit critical centerlng and height adjustment 
of filament tips determining adequate bias voltage 
and emission control. This practical cap design is 
applicable to both cathode and anode structures, 
combining optimum microgeometry and operational 
conditions for obtaining space-charge-free emission 
and signiflcant field enhancement. 

-I - n -  

When used with compensated double condenser systems 
of  high resolutlon instruments, these point sources 
provide improved micro-beam illuminat ion charact eriz 
ma’nly ~ 3 : -  (a) < 
10 A ern sterad measured reproducibly at final 
screen level. This gain in brrightness is an order 
of magnitude larger than comparable values obtained 
with W hairpin filaments in standard guns at the 

5 1O’A ern ‘sterad measured reproducibly at final 
screen level. This gain in brrightness is an order 
of magnitude larger than comparable values obtained 
with W hairpin filaments in standard guns at the 

-13- 
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same temperature (2683OK). 
give highest values , surpassing the performance 
of a special s t e e l  cap  with a 3.5rnrn hole which 
was developed in collaboratoion with Dr. K. Yada 

- as described in another publication. This high 
brightness is partly ascribed to field enhance- 
ment by the Schottky effect. 

(b) High coherence, resulting partly from the 
smaller illumination angles made possible by in- 
creased source brightness. Transverse coherence 
lengths of 60 to 633A can be achieved by using 

, condenser apertures of 100p-lOy.  Under favorable 
conditions 59 to 63 Fresnel fringes were recorded. 
This also gives enhanced contkast and .improved 
image quality, especially when dealing with bio- 
logical- specimens. 

2. Using short focal length objective lenses (f = 1.8mm) 
of improved stability (circuitry for Elmiskop 
developed by H. Armbruster) we confirmed and extended 

. the results of R. Heidenreich by recording phase 
contrast high resolution images of carbon atom 
arrays (hexagonal cells of 5A) in ultrathin (10-23A) 
single-crystal graphite specially prepared by a 
technique described earlier. Other pauciatomic 
structural patterns of organic systems were also 
resolved under similar conditions. 

Mb thin-film caps 
~ 

3. High resolution phase contrast was also achieved 
by precise alignment of multi-hole or annular con- 
denser apertures and objective phase plates of 
composite ultrathin single-cryslal films (graphite, 
mica silver) with adjustable electrical fields, or 
ferromagnetic thin-film apertures permitting phase 
shift control. In preliminary experiments , marked 
enhancement andresolution was noted in thin bio- 
logical specimens, It was a l s o  possible to resolve 
-structures of 5-8A in unstained ferritin and apo- 
ferritin molecules. 

was made of ultrathin carbon films 
by evaporation in ultrahigh vacuum 

supports. Even thinner lamellae 
l0A) of single-crystal graph3-te and diamond have 

been used which are extremely smooth and stable under 
intense irradiation, and can be used for high resol- 
ution shadow casting of‘ DNA with carbon. These 
single-crystal substrates may be ideal atomic - 
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5- 

6. 

7 -  

. -  

8 .  

9. 

10. 

monolayer substrates for high resolution 
electron micros copy. 

Bjo 1. o i c. a 1 s 9 e c i:r?,ens vie re n o  unt e d wi t; hou. t 
backgrou.nd svppor t  on asbestos filaments or 
related substrates. DNA strands were also 
mounted on thin siGgle-crystal mica with reg- 
ular holes (80-103~gf) produced by fission tracks. 

Extending earlier work, wet or hydrated bioloq- 
- ical specimens were examined by using special 
vacuum-tight microchambers, low intensity micro- 
beam illumination, and cryogenic devices to 
minimize dessication and radiation damage. 

- Thin, frozen sections of natiGe, unfaed tissues 
can also be examined directly after ultrathin 
sectioning (29-109A) with a diamond knife in 
microtomes opera-ting in liquid nitrogen or helium 
cryostats, and transferred without thawing to the 
low temperature electron microscope stage. 

Useful resolutions of 6-15A have been consistently 
attained. This corresponds in many cases to reso- 
lution of quaternary or tertiary structures in 
biological membranes and derivatives (1,2) multi- 
enzyme complexes (5,6), hemocyanin and apohemcyanin 
(1,2) catalase and RNA-polymerase ( 3 )  and DNA and 
RNA systems (6~2). 

With the improved instrumentation and preparation 
techniques already described, we have recently 
been able to record high resolution pictures at 
339,OOOX electron optical (subsequent photographic 
magnifications up t o  30 million X) of  suitably 
oriented Phthalocyanine specimens (metal-free, as 
well as copper and other heavy metal salts of 
Phthalocyanine). The individual Phthalocyanine 
molecules are resolved; their structural details 
agree qulte well with the corresponding diagrams 
of atomic positions. 

A monograph entitled, "Elements of Biomolecular 
Organization", is being prepared to fill a gap be- 
tween existing monographs on cell fine structure 
and on molecular structure. An attempt is made, 
by means of the case history approach, to document 

. 
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representative examples of the orderliness of 
cells and their derivatives. This structural 
I t  orderliness", which in many cases is of crys- 
taliine or paracrystalline character, is shown 
by electron microscopy 60 extend throughout all 
hierarchies of organization from the cell to the 
subcellular level and beyond this into the 
domain of macromolecular assemblies. 

. 
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E. Continued s t u d i e s  I_______.____ on t h e  subuni t  s t r u c t u r e  o f  
-- membranes, inclucling - mitochondria,  nerve membranes, 
and photoreceptors:  I_--- r e t i n a . l r o d  o u t e r  segments , 
I_ m u l t 5  enzyme compl-exes , _trackton-1 prot ,e in ,  m C !  
RNA-polymerase. * 

1. 

. .  

2 .  

Inves t iga t ions  o f  nerve membranes and r e l a t e d  
s t ruc tures-  were c a r r i e d  out by high r e s o l u t i o n  
e l e c t r o n  microscopy, us ing  improved p repa ra t ion  
and ins t rumenta t ion  techniques,  which have a l r eady  
proved successfu l  i n  t h e  a n a l y s i s  of v i r u s  f i n e  
s t r u c t u r e  and o t h e r  b i o l o g i c a l  systems. Inc reas ing  
emphasis has been placed on t h e  s tudy o f  t h e  
d e t a i l e d  organiza t ion  o f  t h e  enzyme and mul t i -  
enzyme complexes i n t i m a t e l y  a s soc ia t ed  w i t h  c e l l  
membranes as t h e  molecular componentry-ult imately 
r e spons ib l e  for t h e  h ighly  s p e c i f i c  energy and 
information t ransduct ion  func t ions .  

Inves t iga t ions  of  t h e  subuni t  s t r u c t u r e  o f  myelin 
membranes showed t h a t  t h e  l a y e r s  of t h e  myelin 
shea th  tend t o  d i s s o c i a t e  i n t o  g ranu la r  o r  rod- 
shaped p a r t i c l e s  o f  about 63A. Corre la ted  e l e c t r o n  
microscopic and x-ray d i f f r a c t i o n  data  also 
i nd ica t ed  t h e  p o s s i b i l i t y  of a r e g u l a r  o rgan iza t ion  
wi th in  the  plane of  t h e  l a y e r s ,  probably involv ing  
u n i t s  of  60 t o  80A. 

Spec ia l  techniques were appl ied  i n  prepar ing  
u L b L u b i u i 1 ,  fi-ozei? sect ioi is  of f r e s h  t i s s u e .  They 
were cu t  w i t h  a s p e c i a l  microtome and diamond 
knife i n  a c ryos t a t  a t  -30° to -1800~. The 
specimens were o f t e n  examined d i r e c t l y  without 
thawing by embedding i n  v i t r i f i e d  heavy meta l  
layers ' .  A l i q u i d  n i t rogen  cool ing device was used 
i n  conjunction w i t h  appropr i a t e  low-temperature 
e l e c t r o n  microscopy techniques.  

..l 2-.--.!-1-2 

U l t r a t h i n  frozen s e c t i o n s  o f  f r e s h  f r o g  s c i a t i c  
nerve;negatively s t a i n e d  w i t h  phosphotungstate ,  
show c h a r a c t e r i s t z c  r epea t ing  p a r t i c u l a t e  u n i t s  
of about 50 t o  63A. These u n i t s ,  mainly l o c a l i z e d  
i n  t h e  in te rmedia te  l a y e r s  and a t t ached  to t h e  
dense myelin l a y e r s ,  were c o n s i s t e n t l y  found i n  t h e  
nega t ive ly  s ta ined  , unfixed specimens. Bearing 
i n  mind t h e  inherent  a r t i f a c t  p o s s i b i l i t i e s ,  t hese  
and r e l a t e d  methods a r e  now being f u r t h e r  
i n v e s t i g a t e d  i n  an  at tempt  to examine t h e  f i n e  
s t r u c t u r e  of t h e  myelin shea th  under condi t ions  
c l o s e l y  approximating i t s  n a t i v e  hydrated s t a t e .  . 
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3 -  - Organizat ion --_______ of Membranes i n  Photoreceptors .  
E lec t ron  microscopy has confirmed e a r l i e r  
po la r i zed  l i g h t  s t u d i e s  which ind ica t ed  t h a t  t h e  
rod o u t e r  segments of v e r t e b r a t e  photoreceptors  
cons is ted  o f  t h i n ,  transversely arranged proteSn 
l a y e r s  which a l t e r n a t e  w i t h  l o n g i t u d i n a l l y  
o r i en ted  l aye r s  of  l i p i d  molecules.  The f i n e  
s t r u c t u r e  of t he  o u t e r  segment was shown by 
e l e c t r o n  microscopy to be composed qf s e v e r a l  
hundred u n i t  d i s k s  about 150 t o  200A t h i c k .  

Improved low-temperature e l e c t r o n  microscopy 
techniques revealed an  in te rmedia te  l a y e r  between - 
t h e  dense l a y e r s  and electron-dense s t r u c t u r e s  
wi th in  the  l a y e r s  which appear  a s  g lobu la r  subun i t s .  
These subuni ts  look well  organized i n  dark-adapted 
o u t e r  segments and may be r e l a t e d  to t h e  presence 
of  t h e  photopigment complexes, as  suggested by 
da ta  from polar ized  l i g h t  analy%sis and experimental  
modi f ica t ions .  Since rhodopsin r ep resen t s  about 
40% of  t h e  dry weight i n  f r o g  r e t i n a l  r o d  o u t e r  
segments, it may be regarded a s  a p r i n c i p a l  
s t r u c t u r a l  component o f  t he  photoreceptor  system. 

We have used s p e c i a l  p repa ra t ion  techniques and 
low-t empera t u r e  e l e c t r o n  microscopy to examl-ne 
o u t e r  segments o f  t h e  f r o g  r e t i n a l  r o d .  Fresh ,  
u l t r a t h i n  sec t ions  o f  l i g h t  and dark-adapted 
segments were prepared without f i x i n g  and without 
embeddlng. The specimens were kept f rozen  or 
G r i e d  and were s t a i z z d  , ncgat ive ly  o r  positively, 
w i t h  buffered phosphotungstate , uranyl  formate , 
and o t h e r  electron-dense reagents .  Addit ional  
s t r u c t u r a l  d e t a i l  was de tec t ed  i n  t h e s e  w e l l -  
p reservede  r epa ra t ions .  The g lobu la r  subun i t s  
(60 to 73A7, which a r e  prominent i n  the  dense 
and in te rmedia te  l a y e r s ,  appear  t o  be b u i l t  up o f  
minute p a r t i c l e s ,  about 10 to l5h r e g u l a r l y  arranged 
i n  c l u s t e r s  o r  rows. Symmetrical alignment o f  
t h e s e  dense p a r t i c l e s  i s  u s u a l l y  maintained,  even 
I n  c e r t a i n  regions where t h e  dense l a y e r s  a r e  s p l i t .  

These p repa ra t ion  techniques ,  which combine t h e  
advantages o f  t h i n  s e c t i o n i n g  wi th  t h e  enhanced 
p r e s e r v a t i o n  o f  nega t ive  s t a i n i n g  appl ied  t o  
n a t i v e ,  unextracted specimens, arc p a r t i c u l a r l y  
s u i t a b l e  f o r  c o r r e l a t e d  biochemical s t u d i e s .  
Moreover, when used i n  combination w i t h  enzymological 
assays  o f  i s o l a t e d  r e t i n a l  o u t e r  segments i t  shou.ld 

. 
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be p o s s i b l e  t o  o b t a j n  e s s e n t i a l  da ta  on t h e  
l o c a l i z a t i o n  o f  t h e  v i s u a l  pigments, with 
a s soc ia t ed  l i p o p r o t e i n  components and s p e c i f i c  
enzyme systems. 

4. Macromolecular Repeating Units  of S t r u c t u r e  and 
Function i n  Mitochondrial ----.--__I Membranes. -- A l a r g e  
body oFev idence  has accumulated during the  p a s t  
decade showing t h a t  t h e  electrcjn t r a n s f e r  system, 
t h e  r e s p i r a t o r y .  t ransformat lons ,  and c e r t a i n  o t h e r  

c h a r a c t e r i s t i c  macromolecular complexes. 

Following t h e  f i r s t  observa t ions  by Ferngndez-Mor&, 
o t h e r  i n v e s t i g a t o r s  ‘including D. Smith, D. Parsons,  
and W. Stoeckenius,  have confirmed t h e  ex i s t ence  
of t h e  repeatring p a r t i c l e s  and underlying subuni t  
o rgan iza t ion  o f  mitochondrial  membranes us ing  a 
wide v a r i e t y  of techniques,  inc luding  t h e  improved 
freeze-etching method appl ied  by Moor and Muhlethaler.  

J systems of the mitochondrion a r e  b u i l t  up from 

Since t h i s  technique ope ra t e s  on n a t i v e  f rozen  
specimens and does not involve t h e  use o f  chemical 
f i x a t i v e s  or s t a i n s ,  t h e  successfu l  demonstration of  
g lobu la r  repea t ing  u n i t s  i n  mitochondria and o t h e r  
membrane systems has e f f e c t i v e l y  disposed of 
t e n t a t i v e  suppos i t ions  t h a t  t hese  c h a r a c t e r i s t i c  
u n i t s  might be p r e p a r a t i v e  a r t i f a c t s .  --L It i s  
t h e r e f o r e  -2 ___-_ now gene ra l ly  ~----------..%__ agreed ----- by most workers 
that t h e s e  iiiltoci-ioiidi*lai II-- --- subuni t s  exi.st , al though 
t h e  observed s t ru .c tura1 d e t a i l s  w f i l l  depend on 
the prepara t ion  techniques and experimental  
condi t ions .  

Although subsequent s t u d i e s  by Green and Perdue 
i n d i c a t e  t h a t  t h e r e  may be mul t ip l e  spec ie s  of  
mitochondrial  elementary p a r t i c l e s ,  t h e  b a s i c  
co;wept of a macromolecular r epea t ing  -2--- u n i t  o f  
mitochondrial  s t ruc tu . re  and func t ion  i s  now 
g e n e r a l l y  accepted. The elementary p a r t i c l e  of 
t h e  mitochondrion i s  be l ieved  to be a pro to type  
of a c l a s s  o f  f u n c t i o n a l  p a r t i c l e s  or macromolecular 
assemblies found I n  a s s o c i a t i o n  w i t h  membranes g e n e r a l l y .  

5. cII_-.___I Subunit p a t t e r n s  of __-_I_ neuronal membra-es. -~ I n v e s t i -  
g a t i o n  of t h e  molecu.lar o rgan iza t ion  of t h e  synapse 
i s  o f  p a r t l c u l a r  signiiYcance i n  view o f  t h e  
s p e c i a  1 i z e d mo 1 e cu. l a  r s wit c h i n g  c omponent rg a s sume d 
t o  mediate i n f o m a t i o n  s t o r a g e ,  t r a m f e r  and 
r e t r i e v a l  a t  these  junc t iona l  reg ions .  
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Unfortunately,  neuronal membranes have no t  
y e t  y5elded to c o r r e l a t e d  biochemical and 
e l e c t r o n  microscopic s t u d i e s  of  t h e  type 
s u c c e s s f u l l y  appl led  t o  mitochondrial  and 
ch lo rop la s t  membranes. D i f f 3  c u l t i e s  i n  re1iabl.y 
i s o l a t i n g  and prepar ing  these  l a b i l e  s t r u c t u r e s  
w i t h 0 u . t  Introducing s e r i o u s  a r t i f a c t s  impose 
seri0u.s l i m i t a t  i ons .  

Confirming and extendring our  e a r l i e r  work, 
c e r t a i n  subrnl~i~bscopic  nerve f i b e r s  were found i n  
f r o g ’ s p i n a l  cord u s u a l l y  a t tached  t o  t h e  t h i c k e r  
nerve f i b e r s .  These f i b e r s  a r e  t h i n  enough t o  

, d i s p l a y  t h e i r  e n t t r e  s t r u c t u r e  i n  a s i n g l e  e l e c t r o n  . 

micrograph , appearing a s  t h i n  r ibbons with.  diameters  
rang5ng between 0.1~~ and lp and reaching 
l eng ths  up 60 5Op to loop. 

4 

With improved techniques ,  new u l t r a s t r u c t u r a l  d e t a i l  
was mvea lcd  3.n t hese  well-preserved , u l t r a - t h i n  
nerve membrane specimens. They e x h l b i t  a 
c h a r a c t e r i s t i c  su r f ace  s t r u c t u r e  f e a t u r i n g  i n  
c e r t a i n  regions hexagonal a r r a y s  of c l o s e l y  packed 
elements 50 t o  93h i n  diameter .  
of dense g r a n u l ~ r  components a r e  fou.nd a t t ached  
t o  t h e  membrarres , p a r t i c u l a r l y  i n  j u n c t i o n a l  
reg ions .  

Various types 

These techniques can undoubtedly be cons iderably  
r e f lned  a n d  it shou3 d. eV~?nt , i -~.a . l l j~  he p o s s l h l e  
t o  examlne these  u l t r a t h i n  submicroscopic nerve 
f i b e r s  i n  vacuum-tight microchambers under 
condi t ions  approaching t h e  n a t i v e  hydrated s t a t e .  

I Pyruvate and --- a-Ketoglutarate  -.____.__ dehydrogenatlon 
m u l t i e n z s e  comulexes. Extending ou r  e a r l i e r  
c o l l a b ~ a t ~ o r k  wi th  D r .  L. Reed and h i s  
a s s o c i a t e s  of t h e  University o f  Texas, f u r t h e r  
e l e c t r o n  microscopic and biochemlcal stu.dries 
were c a r r i e d  out on t h e  pyruvate dehydrogenase 
complex (PDC)  and t h e  a -Ketoglu tara te  dehydrogenation 
complex of E .  c o l i .  

The macronio1ecul.ar organiza t ion  o f  t h e  a-keto- 
g l u t a r a t e  dehydrogenase complex (KCDC) i s o l a t e d  
from E. c o l i  appears t o  be s:imilar to t h a t  o f  
t h e  PBC. A s  shown by e l e c t r o n  microscopy, t h e  
smal1.e~ polybedr lca l  p a r t i c l e s ,  w i t h  a diameter 
of  about 280A f e a t u r e  a t e t r a d  core surrounded 
by p e r i p h e r a l  s u b u n i t s ,  which a r e  no t  c l e a r l y  - 
defined as  i n  t h e  PDC conplexes. 

6. 

. .  - 
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Recent s tud ie s  by L.  Reed and his a s s o c i a t e s  
i n d i c a t e  t h a t  t h e  maxromolecular organiza t ion  
of %he b a c t e r i a l  and iii2,rrmaliaii FGC and KGDC 
mul- t i eh z yme c omp l e x  e s ar e fundament a1 1 y s i r i i  la r , 
and may be glsverned by t h e  p r i n c i p l e s  of s e l f -  
assembly which determine t h e  f u n c t i o n a l  organ- 
i z a t i o n  of p r o t e i n  s h e l l s  of r e g u l a r  v i r u s e s  
with icosahedra l  symmetry. 

Organization of L-glutamate dehydrogenase. 
Recent r f ivest igat ions of bovine-L-glu-tama,te 
dehydrogenase c r y s t a l s ,  us ing  micro-droplet  
cross-spraying techniques and mic mbeam 
i l l u m i n a t i o n  for high r e s o l u t i o n  e l e c t r o n  micro- 
scopy, have-made it  p o s s i b l e  t o  observe t h e  
ordered aggregat ion and f ine  s t r u c t u r e  o f  t h e  
r e l a t i v e l y  we l l  preserved molecules i n  t h e  t h i n  
mic roc rys t a l s .  

-_ 

I n d i v i t u a l  syh$r i ca l  or polyhedra l  p a r t i c l e s  
of l3OA t o  l5OA diameter can be f r e q u e n t l y  
observed, e i t h e r  €Cree o r  c l o s e l y  packed i n  
ordered aggregates  of t h e  t h i n  c r y s t a l l i n e  
strand:. The t n d i v i d u a l  po lyhedra l  p a r t i c l e s  
of l3OA to L5OA may correspond t o  t h e  urvlclis- 
soc ia t ed  ind iv idua l  molecules, while  the 
numerous subuni ts  of t r i a n g u l a r  shape coldd 
be p a r t l y  r e l a t e d  t o  t h e  GDH t e t r a h e d r a l  sub- 
un5Zs described by Horne and Grevel. However, 
on t h e  b a s i s  of a v a i l a b l e  d a t a ,  t h e  organi-  
z a t i o n  of t h e  undissoc ia ted  rilolecules appears  
t o  be more complex than  t h e  suggested s i m p l e  
aggrega te  of f o u r  subu-nits. Fu r the r  s t u d i e s  
are being pursued i n  a t t e n p t s  t o  e l u c i d a t e  t h e  
d e t a i l e d  subuni t  s t ruc tu- re  of t h e s e  enzyme 
molecules.  

F rac t ion - I  Pro te in .  I n  c o l l a b o r a t i o n  wi th  
R .  Haselkorn, F.  Kieras and a s s o c i a t e s ,  work 
has continued on F-I p r o t e i n  from Chinese 
cabbage leaves  and o the r  sources ,  inc luding  
b lue  green a lgae .  T h i s  work, which i s  s t i l l  
i n  progress ,  has  confirmed. our o r i g i n a l  obser-  
va t ions  (as reported i n  Science (1965), 150: 
1598-1601. The F-I p r o t e i n  i s  seen to c o n s t s t  
of uniforr: cub ica l  p a r t i c l e s  wi th  an edge of 
about U O A .  

-- 
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I n  high r e s o l u t i o n  e l e c t r o n  micrographs of 
nega t ive ly  s’ia:i.ned p repa ra t ions  t h e  cub ica l  
p a r t i c l e s  e x h i b i t  a, c h a r a c t e r i s - t i c  subuni t  
s t r u c h ? r e  wh-ich i s  c o n s i s t e n t  wi th  a model 
having 24 subuni t s ,  i n  agreement wi th  t h e  
p re sen t  phys i ca l  and chem-ical d a t a .  

The f a c t  tha,t t he  $ubs t ruc ture  of  a proteivl 
enzyme of only 120A can now be d i r e c t l y  
observed i n  e l e c t r o n  micrographs, i s  of 
p a r t i c u l a r  re levance t o  i n v e s t i g a t i o n  of t h e  
enz.yme complexes o f  similar s i z e ,  which a r e  
presumably a s soc ia t ed  wi th  nerve membranes 
and d.er ivat ives .  

9. RNA-po1;ynierase . Coi.i-,elated e l e c t r o n  micro- 
scopic  and biochemical s t u d i e s  have continued 
on t h e  .o rganiza t ion  of a DNA-depend.ent RXA- 
polymerase f rom E. c o l i .  Related s tud-ies  
on the  a s s o c i a t i 6 n  of RNA-polymerase with 
DNA f rom $3’ x 172 a r e  being c a r r i e d  out i n  
c o l l a b o r a t i o n  w i t h  Dr. Samuel Weiss, Un ive r s i ty  
of Chicago. These i n v e s t i g a t i o n s  are expected 
t o  y i e l d  f u r t h e r  information on RNA-polymerase 
and i t s  p a r t i c i p a t i o n  i n  t h e  d i f f e r e n t i a l  €31-4 
t r a n s c r i p t i o n  upon DNA templa tes , .  which i s  of 
fundament a1 importance i n  t h e  r e g u l a t i o n  of 
p r o t e i n  syn thes i s  and func t ion  i n  c e l l  mcmbranes 
and t h e i r  d e r i v a t i v e s .  
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7 7 .  Organizatlon and Operatjon. -- ---___-- of' t h e  Spec-ial --..I__- Elec t ron  
Microsco-pe L a b o r a t o ~ ~ _ ( ? ! ~ ~ _ ~ ~ - t h e  Department o f  BtophJJ s i c s ,  
The Univers i ty  of Chtcago. 

NASA Grant ( N s G  U 1 - 6 3 ) ,  N X I  Grants (E-2463,  NB-04267 
GM-13243), and AEC Grants (AT 30-1-22'78, AT 11-1 1344) ,  
a s p e c i a l  l abo ra to ry  f a c i l i t y  f o r  h i g h  r e s o l u t i o n  
e l e c t r o n  microscopy has been completed and pu-t i n t o  
opera t ion  i n  t h e  Research I n s t l t u t e s  . These l a b o r a t o r i e s  
occupy a t o t a l  of about 11,300 square f e e t  and comprise: 

1 7 1  L 1  II _ _ _  -1 - 
W I L I I  LuI ius  p l J o v i d e d  'uy Tile ' i j i i i v e x a s i i y  of Chicago ,  

A .  2,533 square f e e t  o f  remodeled space i n  t h e  basement 
' w i t h  i n s t a l l a t i o n  o f  s p e c i a l  f l o o r s ,  wal l  p a r t i t i o n s ,  

c e i l i n g  pane l s ,  a i r  condl t ion ing  of  t h e  type used . 
i n  "c lean  rooms" f o r  modern electr20nic  i n d u s t r i a l  
f a c i l i t i e s .  These l a b o r a t o r i e s  a r e  equipped w i t 1 1  
t h r e e  e l e c t r o n  microscopes w i t h  a t tached  e l e c t r o n  
d i f f r a c t i o n  u n i t s .  The f a c i l i t i e s  inc:l.ude v.1 tra.-hi gh 
vacuum (Varian)  evaporat ion u n i t s  , f o u r  u l t ramicro-  
tomes, l i g h t  microscopes, and complete p repa ra t ion  
and photographic darkroom f a c i l i t i e s .  All of the  
c r i t  i c a  1 equipment has been i n s  t a  11 ed O i l  i nd iv idua l  
v i b r a t f o n  cont ro l  mountings of s p e c i a l  des ign .  
Corresponding precaut ions werie taken i n  t h e  
i n s t a l l a t i o n  of  non-magnetic s t a i n l e s s  steel 
v e n t i l a t i o n  d u c t s ,  incandescent l i g h t s ,  and 
e l e c t r i c a l  conduit to minimize e l e c t r i c a l  and magnet5c 
pertu-rbat ions . 

B. Adjoining l a b o r a t o r i e s  o f  923 square f e e t  l oca t ed  on 
t h e  second floor o f  t h e  Research I n s t i t u t e s  have 
been remodeled: 

1. Room 203B (230 sq. _I f t . )  

T h i s  room has been prepared for s to rage  of  
specirmns , equlpment, and l abora to ry  appara tus .  
An Harr.5.s Cascade Ref r ige ra t ion  B io log ica l  
Storage Macl?ine was i n s t a l l e d  which ope ra t e s  a t  
temperatures a s  low a s  - 1 2 3 O C .  

2. Room 205 (230 Fq. f t .1  
T h i s  room has been prepared a s  a s i t e  for 
supercondu.cting experiments. A Siemens Elmiskop 
EM-I1 w i t h  accessor4es was i n s t a l l e d .  Darkroom 
equipflient has a l s o  been i n s  balled t o  exped-ite 
development o f  p l a t e s  taken durlng experiments 
i n  t h l s  room. . 
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3.  Room 237 I (4-63 s q .  f t . )  

An X-ray d t i ' f r ac t ion  mit w i t h  Kratlcy Camera 
and s p e c l a l  l i q u i d  helium specimen cool ing 
device was i n s t a l l e d .  

Two vacuum pumping u n i t s  wers developed and 
i n s t a l l e d  which pre-pump photographic p l a t e s  
( a t  a ra te  of  91'2 p l a t e s  p e r  2 hou-rs) , a l s o  
w i t h  capac i ty  to pre-pump 7 0 m m  f i l m  and camera. 
The e f f i c i e n c y  of t hese  pumps i s  such t h a t  i t  
reduces working time by s e v e r a l  hours.  P l a t e s ,  
f i l m ,  and camera were prev ious ly  pre-pumped 
i n  the  microscope i t s e l f  which involves  a much. 
longer  t ime.  

C .  An a d d i t i o n a l  l abora to ry  (Room P-111) was constructed 
i n  t h e  c l ean  room l a b o r a t o r i e s  of t h e  basement t o  
house a H i t a c h i  Perkin Elmer e l e c t r o n  microscope 
and a c c e s s o r i e s .  T h i s  microscope was i n s t a l l e d  and 
inc ludes  a double condenser l e n s ,  e l e c t r c n  d i f f r a c t l o n  
chamber, h o t  and eo3 d s t a g e s ,  and image i n t e n s i f i -  
c a t i o n  system. 

D. A h igh ly  regulated power supply i s  loca ted  i n  an a i r  
condltioned enclosure on the  f i f t h  f l o o r  o f  t h e  
Research I n s t i t u t e s .  T h i s  53-kilowatt  motor 
gene ra to r  s e t ,  s p e c i a l l y  designed and manufactured 
by Westinghou.se Company, i s  equipped w T t h  a new 
s o l i d - s t a t e  r e g i ~ l a t o r  , gi V J  rig b e t t e r  i;hc?.n 0 ,  I$ vol tage  
s t a b i l i t y  and very low harmonic d i s t o r t i o n .  

E. A v ib ra t ion - f r ee  room was b u i l t  f o r  i n s t a l l a t i o n  o f  
t h e  new "cryo-electron microscope, I '  adapted f rom t h e  
Hi t ach i  11-B e l e c t r o n  microsco2e purchased wi th  NASA 
funds.  The ten- ton f l o a t i n g  foundat ion and o t h e r  
f e a t u r e s  o f  t h i s  f a c i l i t y  s?.ould make i t  p o s s l b l e  t o  
e x p l o i t  t h e  unique s t a b i l i t y  of su.perconducting 
l e n s e s  ope ra t lng  i n  t h e  p e r s i s t e n t  cu r ren t  mode f o r  
long-temn exposures: o f  t h e  o r d e r  of minvtes t o  
hours ,  i n s t ead  o f  t h e  5 t o  15-second exposures 
p r e s e n t l y  poss ib l e .  
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111. TrainTng - -- Program. 

I n  a d d i t i o n  t o  a s p e c i f i c  research  program, 
t h e  l abora to ry  __ --._. has _I____ s e r v e d  a.8 8. cent,er for inform- 
- a t i o n  exchange t o  i n v e s t i p t o r s  and s tuden t s  i n  Ehe 
United S t a t e s  and o the r  c o u m t r i e s  . 

------- --.-- - --_----- 
-11-1 

_-_l_____l__ 

1. A course i n  Cel l  U l t r a s t r u c t u r e  (Biophysics 398) 

4 and f a c u l t y  f r o m  t h e  Biophysics,  Microbiology, 

was given a s  p a r t  o f  t h e  Biophysics Curriculum. 
The enrollment (3.0 p a r t i c i p a n t s )  included s tuden t s  

Zoology, Botany, Pathology and Medicine depar t -  
ments o f  t h e  Univers i ty  o f  Chicago, i n  a d d i t i o n  
t o  v9s ikors  f rom t h e  Dovmey Veterans Adminis t ra t ion . 

Hosp i t a l .  

2 .  P a r t i c i p a t i o n - . i n  t h e  fol lowing conferences has also 
brought about cons id.  erab 1 e i n f o  rma. t i o  n exchange : 

a .  H i g h  Voltage Elec t ron  Microscope IJorkshop a t  
Argonne Nat ional  Laboratory,  June 13 to J u l y  15, 
1966. 

1. Lecture on Superconducting Lenses - June 1 4  
2. Chairman, Summary Session - J u l y  14 

Study Sesslon a t  Boulder, Colorado, J u l y  17 
t o  August 3 2 ,  1966. 

b. The Neurosciences Research Program I n t e n s i v e  

1. Lecture  on "Membrane U l t r a s t r u c t u r e  i n  
Nerve Cel .1 .~~~ - J u l y  27 

e .  Elec t ron  Microscopy Soc ie ty  of America i n  
San Francisco,  August 22 t o  25, 1966. 

1. Lecture a s  keynote speaker on "New 
Approaches i n  High Resolution Elec t ron  Microscopy. I 1  

d .  S i x t h  I n t e r n a t i o n a l  Congress f o r  E lec t ron  
Microscopy a t  Kyoto, Japan, August 28 to 
September 4, 1966. 

1. Keynote address  on "High Resolut ion 
E l e c t r o n  Microscopy of Bio logica l  Specimens , 11 

Opening Sess5.on, August 28. 
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2.  Lecture on  "Applicat ion of  Improved 
Point Cathode Sources to High 
Resolution Elec t ron  Mricroscopy , 11  

A U ~ U S ~ ;  29. 

3. Lecture  on "Low Temperature El.ectron 
Microscopy wi th  High F i e l d  Superconducting 
Lenses , I 1  September 1. 

4. Chairman o f  a f te rnoon s e s s i o n ,  August 29, 
on High Resolut ion and Lens Aberrat ions.  

e .  Department of Anatomy, gues t  l e c t u r e ,  
Un ive r s i ty  of Chicago, December 1 2 ,  1966. 

f .  F i f t e e n t h  Annual Edsel' B. Ford Memorial 
Lec ture ,  J a n w r y  17, 1967, Edsel B. Ford 
I n s t i t u t e  for Medical Research, D e t r o i t ,  
M'richigan, e n t i t l e d  "Seeing, and Design i n  
'G h e Mo 1 e c u 1 a r  Doma i n  . 11  



1. 

2. 

3 .  

4. 

5. 

6. 

7 .  

8 .  

9. 

I-I. Fern&dez-Mor&, E . F . J .  van Bruggen, and 
M. Ohtsuki., P4acroinoIecular Organization of 
Hemocyanins and Apohemocyanins a s  Revealed by 
E lec t ron  Mici?oscopy, J .  Mol. B i o l .  (1966) ,  
- 16: 191-237. 

E.F. J .  van Bruggen and H. Fernahdez-Mora'n, 
Re-association o f  Hemocyanins from Subunit 
Mixtures,  J .  Mol. B io l .  (1966) ,  - 16: 238-211. 

s- 

A .  J.  C o l v i l l ,  E.F. J .  van Brugge;?, and 
H.  Ferngndez-Morgn, Physical  P rope r t i e s  of a 
DNA-d ependent PJA Polymerase from .Es cher ich la  
-' c o l i  -J. Mol. B i o l .  (1966) ,  - 17: 3 0 = 3 r - - -  

H. Ferngndez-Morgn, Fomis of Water i n  Biologic 
Systems and the Organizat ion of Membranes, i n  
Annals of t he  New York Academy of Sciences (1965),  
125, Art. 2, 739. 

R. Haselkorn, H .  Fernandez-Mora<, F . J .  Xieras ,  
E.F.J .  van Rruggen, Elec t ron  Microscopic and 
Bfochemical Charac te r iza t ion  of Frac t ion  I 
P r o t e i n ,  Science (1965),  150: 1598-1631. 

H .  J?'erndndez-Mordn, H 5 g h  Kesolution Elec t ron  
Microscopy of Biological  Specimens, Proc. S i x t h  
I n t e r n a t i o n a l  Congress f o r  Elec t ron  Microscopy, 
KyoLo (1966) ,  V o l .  I, 13. 

H .  Fern&dez-Mor&, Appl ica t ions  of  Improved 
Point  Cathode Sources to High Resolution Electi3on 
Microscopy, Proc. S i x t h  I n t e r n a t i o n a l  Congress for 
Elec t ron  Microscopy, Kyoto (1966) Vol, I, 27. 

H .  Fern&dez-Mor&n, Low Temperature Elec t ron  
Microscopy with High F i e l d  Superconducting' 
Lenses, Proc.  S ix th  I n t e r n a t i o n a l  Congress for 
Elec t ron  Microscopy, Kyoto (196G), V o l .  I., 14'7. 

H. Ferngndez-Moran, Microscope E lec t ron ,  rJ icGr?w-  
H i l l  Yearbook of Science and Technology (196G), 

/ 

/ 

2119-252. . 
. 
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d' 10. H .  Fernmde%-?,Iom% , High-Resolution Elec t ron  
Microscopy with Superconducting Lenses , Proc. 
ArvllT-AN:L I:Jork.shop o f  High Vo-ltage Elec t ron  

for €Iigh Voltage El-ectron Ml.croscopy , Argome 
National  Laboratory , June 13-July 15 , 1966. 
H. Ferndhdez-Moran , High-Resolution Ellectron 
Microscopy with Superconducting Lenses a t  Liquid 
Helium Temperatures, Proc. N a t ' l .  Read. S e i .  

1 2 .  H. Fernz$dez-bioran, P o t e n t i a l  Applicat ion of 

~~yici<oscopji , pp. 5:L-5g p ~ > ~ ~ ~ ~ ~ ~ ~ ~  ai; tile ~ o y k s l l o p  

P 11. 

(1966) ,  - 56: 831-808. 
/ 

Electron-Opt:ical Methods t o  Storage of Information 
a for Direc t  R e t r i e v a l ,  i n  ----L Briology-and ..- t h e  Explorat ion 

of  Mars , National Academy of Sciences--National 
Researcfi Council , Pu.blicat5.on No. 1296 , Washinston , . 
D . C . ,  1966; pp. 503-536. . .  

P 13. H .  Fernandez-Mor& , Low Temperature Elec t ron  
Microscopy w i t h  High F ie ld  , Superconducting T,enses. 
Abs t rac t  o f  paper presented a t  Nat iona.1 SuGer- 
c 'onductivity Information Meeting , Brookhaven 
Nat ional  Laboratory,  Nov. 9-11, 1966. 

14. 8 .  Ferii$nd~ez-P'Ior&i , Membrane U l t r a s t r u c t u r e  i n  
Nerve C e l l s ,  to be published i n  _1_1 The NeLJmOSCfLenCeS --.-.I- 

A Survey f o r  .-.--L-- Synthesis  _.__ J based on the  NHP Summer, 
-Intensive Study Program i n  the  Neurosclences , 
e d i t e d  by F. 0. Schn i i t t  and T. Mehechuck, Rockefe l le r  
Univers i ty  Press .  

15. a .  H .  Fern&dez-MoraA, Pointed Cathode Sources for 
High Resolution Elec t ron  Microscopy , Par t  I .  

b.  K .  Yada and H. Ferna/ndez-Mor&n, Pointed Cathode 
Sources for High Resolut ion Elec t ron  Microscopy, 
P a r t  11, a b s t r a c t  o f  paper  t o  be submitted to 
t h e  Joiirnal o f  Applied Physics.  

e .  K .  Yada and H.  Ferngbdez-Mora%, Porinted Cathode 
Sources f o r  High Resolut ion Elec t ron  Microscopy , 
Par t  111, a b s t m c t  of paper  t o  be submitted to 
t h e  Journa l  of Applied Physics.  

16.  H .  FeridndF:z-Moi;a'~ r. Elements o f  Bioino1.ecular 
Organization , An At l a s  of  B io lcg lca l  U l t r a s t ru -c tu re ,  
i n  p r e s s  , t o  .be pu.bl.ished by Springer-Verlag,  
B e r l i n ,  Heidelberg,  New York. 
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1. "Three Nev? Designs Improve E l e c t r o n  
11 Mri c_rn:coyes > a r t l c l e  in Scientlric Eesearch , 

Janum1r-y , 1966. 
1 1  2. "Voltage,  Lenses Rid Electron Microscopy, 

article in Chemi-cal Engineering News , 
September 26, 1966. 

Microscope's Resolution, I '  a r t i c l e  in Dai;eline 
, in Science (December 2, 1966), Vol.. I, No. 3 ,  

11 4 3. Superconducting Lens Improves Electron 

p. 1. 

4. Reference to high resolution electron microscopy 
of graphite 'structu.re published in Science (1966) , 
&: 195. 
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